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Under the current conditions of price growth, the expansion of agricultural enterprises and the
creation of new ones based on them, the economic feasibility and practical possibility of purchasing the
necessary equipment has significantly decreased. In connection with this and with the aim of expanding the
functional capabilities of the technical means available in farms, the application of devices to serial machines
is becoming more and more effective. The article presents an overview of modern attached screw equipment
for quick unloading of motor vehicles. When designing screw equipment, it is necessary to take into account
the peculiarities of their transport properties. The transportation of bulk goods by angle screw equipment
depends on the frequency of rotation and the level of filling of the conveyor with the product. Structural and
mechanical properties primarily depend on the density of packing of particles of loose material, their relative
mobility. The mechanical properties of such a structure can be described by the equivalent modulus of
elasticity and the equivalent Poisson's ratio. The nature of energy transfer in a loose material is largely
determined by the forces of friction and adhesion at the points of contact of its particles. A characteristic
feature of screw conveyors is that the screw working body is freely (without supports) located in an elastic or
rigid casing and along its inner surface transports the material to the unloading area. The article presents the
main theoretical ratios for determining the effectiveness of hinged screw products. A study was conducted to
determine the influence of the main technical parameters on the performance of high-speed conveyors at a
large angle.

Key words: screw conveyor, grain product, productivity, rotation frequency, friction coefficient, slope.

F. 21. Fig. 5. Ref. 10.

1. Analysis of last researches and publications

High angle screw conveyors for transporting bulk agricultural produce are the same in structure and
principle of operation as screw conveyors for vertical lifting. They are used for the mechanization of
transshipment operations with bulk goods and can be stationary, mobile, and mounted on vehicles. [1, 2, 3].

The productivity of such conveyors is 60...200t/h, the maximum productivity of the equipment in
Western European countries reaches 350...400t/h. The highest grain drop height is 6.5 m.

2. Problem formulation

Many Western countries manufacture mounted screw products for quick unloading of vehicles.

The company "Fliegt" (Germany) produces tractor trailers for the transportation and transshipment of
grain and mineral fertilizers, which are equipped with a replaceable screw side to the tractor trailer ASW
"Gigant", a metal screw with the diameter of 450 mm, productivity of 350 t/h, a reloading height of 4.5 m. The
screw folds and unfolds with a hydraulic drive, driven by the tractor's power take-off.

The company "Pronar" (Poland) offers loaders for transportation of grain and corn from harvesters to
trucks with simultaneous weighing. They are equipped with mounted foldable high-speed screw conveyors
(Fig. 1. a). Productivity of the screw conveyors is within 200...400 t/h.

Thanks to fast unloading, such reloaders can save up to 30% of the harvester's operation time. The
company "Pronar" manufactures two models of reloaders - T740 with a carrying capacity of 15.3 tons and
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T743 with a carrying capacity of 23 tons (Fig. 1. b).

The manufacturer of similar products in Ukraine is "Zavod Kobzarenko". Currently, the core business
of the plant is manufacturing and sales of 15 types of tractor trailers and a wide range of screw products, such
as reloading storage hopper PBN-20/1 (ITEH-20/1), PBN-16/2 (ITEH-16/2), PBN-30/2 (ITbH-30/2) (Fig. 1. c).
The plant also manufactures the following screw products: foldable screw RSh-200/4.2 (PI11-200/4,2);
hydraulic foldable screw GRSH-300/4.2 (PIII-200/4,2) (Fig. 1. d); foldable screw RSh-250/4.5 (P111-250/4,5)
for KamAZ vehicles, etc.

Fig. 1. Tractor vehicles equipped with unloading high-speed conveyors: a) tractor-trailer ASW "'Gigant"
by "Fliegt" (Germany); b) reloader T743 by ""Pronar" (Poland); c) reloading storage hopper PBN-30/2,
Kobzarenko plant (Ukraine); d) Hydraulic foldable screw GRSH-300/4.2 Kobzarenko plant (Ukraine)

3. Aim of the researches
In order to increase the operational and functional capacity of the high angle screw conveyors, rational
technological and technical parameters should be substantiated and confirmed by experimental studies

4. Results of the researches

Presentation of basic material of the research. When designing such conveyors, the peculiarities of
their transport properties are taken into account. In contrast to the low angle screw conveyors, the ability of
transporting bulk products by a high angle screw conveyor depends on the rotation frequency and on the cargo
fill-up level of the conveyor casing [5, 7].

The general productivity formula can be theoretically described as:

I =p-Avy, 1)

where A — cross-sectional area of the flow, m?; p — specific weight of the cargo; v,, — axial velocity of
the material, m/s.

The screw transportation process is influenced by: screw rotation frequency; screw inclination
Kp = 1.0...0.3; the method of loading and unloading is taken into account by the coefficients K, = 1.0...0.5,
K:=1.0...0.94.
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Effective volume of material per pitch:

Vi=A-S=y-V, 2
where A — cross-sectional area of the flow, m?; S — pitch ratio; v =0,2...0,9 — filling factor; V — gutter
volume per pitch.
V=0,25m-(D*-d*)S, (3)
where D — screw diameter, m; d — shaft diameter, m.
After relevant substitutions and transformations, we get the movement speed with known geometric

and technical parameters of the screw conveyor:
411

where IT — productivity, t/s; p — the cargo’s bulk density, t/m®.

At the inclinations of the conveyor to the horizon (45°...70°) and its partial fill-up, the particles of the
bulk product at a low speed of rotation of the screw create a complex movement, detaching from the casing
and the screw surface and do not move in the direction of transportation.

At the inclinations > 40°...45°, it is irrational to use screw conveyors with a low screw speed, as this
significantly reduces productivity and too much power is spent on mixing and grinding the cargo.

The smallest rotary speed of the screw ®, at which cargo transportation is possible with any filling
factor, can be determined by the formula [4]:

(4)

-gcos(a%+a+p5)

0= r~chos(a+pB) ’

(%)

where B — inclination of the conveyer; o — pitch angle; p, — friction angle between the cargo and the
screw surface; | — friction ratio between the cargo and the case; r — outer radius of the screw; g — 9,81 m/s? -
acceleration of gravity.

With greater filling of the casing, or an increase in the rotation frequency of the screw, the cargo
particles pressed against its inner surface move along the casing in spiral trajectories. If the inclinations 3 >
70°, then the cargo particles always move without breaking away from the casing and the screw surface, but
the transportation is also partial; it occurs only with almost full fill-up. With this type of fill-up the cargo layer,
which is located near the outer diameter of the screw, is more strongly pressed against the casing and, while
sliding along the screw surface, moves along with it.

The filling factor of the screw conveyor casing y can be determined by the curves (Fig. 2), which
characterize the dependence of the factor y on the angle of inclination of the conveyor § and the centrifugal
force for bulk goods [2].
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Fig. 2. Dependence of the filling factor w of a high angle screw conveyor on the inclination of the
2
conveyor [ and centrifugal forces (presented as a function of %)

Basic Theoretical Correlations. Let’s consider the speeds at which the cargo is forced to move.
Let's determine the absolute v,, rotational speed vy (Fig. 2.), as well as the speed of movement
(assuming that the load is concentrated at point A) [4, 6].
Vn

v,= (6)

cose
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V=V, tge, @)
E is the trajectory inclination of the absolute motion of the cargo to the generator of the cylindrical
casing of the screw passing through point A.
We assume that the cargo is uniformly concentrically placed in the conveyor pipe.
To determine the angle ¢, let’s consider the balance of forces applied to particle A (Fig. 3) placed in
the lower part on the surface of the casing at an arbitrary angle ¢ from the normal to the direction of cargo
transportation:

(8)

Fx - sin(g-a) = mg- sin B-sina — mg -cos B-sing-coso+Fr
{ F= F - cos(g-0.)+mg- sinf -coso-+mg-cosf-sing-sino.
where 3 — conveyer’s inclination to the horizon, degrees.
By substituting the values Fr=f'F, and taking out the force F, we obtain:
Fo= m-g- sin (o+p)-sinf — m-g -cos (o-+p)-cosP-sing (9)
K sin (- a—p) '

On the other hand the force Fy, can be written with the following equation:
. m- vito?
Fy= U -0 cosBcos. (10)

The maximal value of the force Fx will be at ¢ = 0. Then, by equating the right sides of these equations
we obtain:

f-ltg’e . _ gsin(o+p)-sinp
R +fg COSB_ sin(e—o—p) (11)
We modify the Equation (11) to look as follows:
v, =ctge JR~g [—s:;(:gi);fg — cosB]. (12)

In equation (12), the value of the angle € is unknown. It is easy to determine by the method of
successive approximations
By substituting different values of the angle € into equation (12), we can achieve the equality of the
left and right sides, while the initial value of the angle € can be taken as:
€ =ot+p+30°. (13)
Fx - sin(e-o) = mg- sin B-sina + Fr 1
{P= Fx - cos(e-0)+mg: sin/B -cosa. ’ (14)

Fig. 3. Schemes of forces acting on a particle of cargo for a high angle high-speed conveyor
By substituting Fr = f P and deleting the force P from this equations, we obtain:

F _mg sin (a+p)-sinf . (15)

sin (- o—p)
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The value of the force Fx can be expressed from the equation:

Cme 12 to2
Fe = ZMOEE po.cosp (16)
By equating the right sides of these equations and shortening by m, we obtain:
FREE oo ESREHD)SE
= +f-g-cosp= pr— 17)
By solving v, We obtain:
_ . [sin(a+p)sinB _
v, =ctge JR g [—f_sin o) cosB]. (18)

After we determine the angle «.
According to equations (6) and (7), we determine the speed v, and vs.
The number of the screw rotations and the rotary speed can be determined by the formulas

60
=5 | (19)
® =35 (20)
where o — circular speed at the edge of the screw.
v= v, (ctgattge), (21)

where v, — the speed of moving the cargo along the axis of the screw.

The results of the calculations and research.

Having carried out the appropriate calculations according to the described methodology, it can be
stated that for the high angle screw high-speed conveyor, which is shown in fig. 1.b, the productivity is 60t/h,
and the cargo delivery height is 2.5m, with the inclination of the track f = 60°, the following results were
obtained during the transportation of wheat:

- external diameter of the screw D = 300mm;

- screw shaft diameter d = 60mm;

- the speed of cargo movement along the axis of the screw is 0.7 m/s

- critical rotary speed ok = 11.87 s%;

- circular speed at the edge of the screw = 4.02 m/s;

- the actual number of the screw rotations= 256 min;

- actual rotary speed of = 26.79 s7;

- the power used to move the load — 1,78 kWt

To determine the influence of the main technical parameters on the performance of high angle high-
speed screw conveyors, studies were conducted, the results of which are presented in Fig. 4 and Fig. 5
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Fig. 4. Dependence of productivity Q on the angle of inclination of the screw f at the number of
rotations of the screw = 256 min™
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Fig. 5. Dependence of productivity Q on the rotation frequency of the screw at the angle of
inclination of the screw f = 60°

On the basis of the obtained results (Fig. 4), we can conclude that with an increase in the angle of
inclination from 30° to 90°, the productivity decreased by approximately 2.75 times, at a rotation frequency of
the screw surface of 256 rpm. This can be explained by the fact that the load moves along a helical trajectory
with a smaller pitch than the pitch of the screw itself. In reality though, the trajectory is more complex, as the
cargo is heterogeneous, partially mixed and unevenly loaded through the neck.

On the basis of the obtained results (Fig. 5) we can conclude that with an increase in the rotation frequency,
the productivity initially increases to a certain value, and then partially decreases, for example, for wheat grain, the
productivity increases to a frequency of approximately 700 rpm, at an angle of inclination p = 60°, and then
decreases. This can be explained by the fact that at high rotary speeds the grain is thinned by air and moves more.

5. Conclusions

1. High angle screw conveyors with a slow rotation of the screw can transport bulk cargo when the
conveyor casing is filled at a certain rate;

2. At the angles of > 35...45°, it is impractical to use screw conveyors with a low rotation speed,
because of decrease in productivity, and the power is partially spent on moving and grinding products;

3. The critical rotation frequency of the screw, at which it is possible to lift the cargo particles for high
angle screw conveyors, is determined by the formula (3);

4. The movement of cargo particles along the screw axis depends on many factors: speed increases;
with an increase in the lift angle of the screw; with a decrease in the screw radius; with a decrease in the friction
ratio between the parts of the cargo and the screw, and with an increase in the friction ratio between the particles
of the cargo and the casing wall
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OCOBJIMBOCTI TPAHCIIOPTYBAHHSI 3EPHOBOI ITPOAYKIIIi TBUHTOBUMM KOHBEEPAMM

3a nuniwmix ymMo8 3poCmants Yin, po3uUpeHtsi CilbCbKO2OCROOAPCLKUX NIONPUEMCING | CIMBOPEHHS.
Ha IX OCHOBI HOBUX 3HAYHO 3HU3ULACH €KOHOMIYHA OOYLIbHICMb MA NPAKMUYHA MONCIUBICINL NPUODAHHS
HeoOXIOHOI mexHiKu. Y 36 43Ky 3 yum ma 3 Memoio po3uupens QYHKYIOHANbHUX MOHCIUBOCEU HASAGHUX Y
20cno0apcmeax mexnHiuHux 3acobis 6ce eqheKMuUSHIUUM CIMAE 3ACMOCY8ANHA NPUCMPOIE 00 CEPIUHUX MAUUUH.

Y cmammi npedcmasnenuii 02110 Cy4acHO20 HABICHOZO WIHEK0B8020 OONAOHAHHA O WEUOKO20
possanmadicenna agmomparcnopmy. IIpu npoekmyeanui wHeKo6020 0061a0HaHHA HeOOXIOHO 8paxo8yeamu
ocobnueocmi ix mpancnopmuux enacmugocmei. Tpancnopmyeanns cunyqux 6aHmaicie Kymogum wHeKosum
00IAOHAHHAM 3ANeNHCUMD 8I0 YACMOMU 00epMAants ma 8i0 PiBHs 3aN0BHEHHS KOHBEEPA NPOOYKMOM.

CmpyKkmypHO-MexXaHiuHi 81acmusocmi Hacamnepeo 3anedxicamov 8i0 WiNbHOCMI VKIAOAHHSA YdACOK
cunko2o mamepiany, 8iOHOCHOI ix pyxaueocmi. Mexaniuni enacmueocmi maxoi CmpyKmypu MOJNCHA ONUCAmu
eKBIBANeHMHUM MOOYIeM NPYAHCHOCI ma exsisanenmuum Koepiyienmom Ilyaccona. Xapaxmep nepedaui
eHepeii 6 CUNKoOMy mamepiani 3HAYHOK MIpPOI BUSHAYAEMbCA CUNAMU Mepms ma 34enieHHs 6 MICYsaX
KOHMAKMig 1020 yacmok. Xapaxmepna ocobIugicmes 26UHMOBUX KOHBEEPIE NONAAE Y MOMY, WO 28UHIMOBUIL
pobouuil opean 8invbho (be3 onop) po3mauio8yemovcs y enacmuiHomy abo HCopCmKOMY KOXHCYCi ma no 1o2o
SHYMPIWHIL NOBEPXHI MPAHCNOPIYE MAMEPIA Y 30HY GUEAHINAICEHHSL.

Ilpeocmasneni 6 cmammi OCHOBHI MeOpemuyHi CNiBGIOHOWIEHHS 015 BUHAYEHHS eqheKmU8HOCMI
HAGICHUX 26unmMOoBUx 6upodis. IIposedeno 00cniodcenHs Wo0O BUIHAYEHHS GNIAUEY OCHOBHUX MEXHIYHUX
napamempis Ha RPOOYKMUBHICIb BUCOKOWBUOKICHUX KOHBEEPIE NIO 8EIUKUM KYIMOM.

Knwuogi cnosa: wmexosuii KOHEeEp, 3epHONPOOYKM, HPOOVKIMUGHICMb, uacmoma o0epmaHis,
KoeiyieHm mepmsi, HaxXu.
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